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ABSTRACT 
 
Biotransformation is a branch of biotechnology process that produces the natural 
compound in the perfume industry naturally. Molecular dynamic simulation is a 
powerful tool which can be used to understand the molecule interaction at the molecular 
level through the measurement of the interaction strength between the molecules 
involved in the biotransformation process. The main objective of this paper is to present 
the development of a computer-aided simulation model for biotechnology process 
system. In this study, molecular dynamic (MD) simulation was used to investigate the 
effect of oxygen from dissolved oxygen gas and water molecule on the structural 
properties of an important chemical compound in patchouli oil, namely patchoulol, and 
also the interaction between them. Through the hydroxylation process, the hydroxylase 
enzyme catalyzes the formation of hydroxyl group on patchoulol by incorporating one 
atom of oxygen. This process is predicted to produce a new high value compound 
namely 10-hydroxypatchoulol. It is the intermediate compound for the formation of 
norpatchoulenol, which contributes significantly towards the patchouli oil scent. For 
better understanding and comparison, the structure of the patchoulol, oxygen and water 
was simulated in three systems, namely pure, binary and tertiary system. The 
Condensed-phase Optimized Molecular Potential of Atomic Simulation Studies, 
(COMPASS) force field was used to run the simulation. Simulations were performed 
for 1200 ps at 301 K and 1 atm for the liquid-solid state of the mixtures. Radial 
distribution function was analyzed from the trajectory files to measure the strength of 
intermolecular interaction between molecules. The result from the modelling simulation 
system shows the patchoulol is more interested to the dissolved oxygen gas in 
producing the van der Waals bond. The interaction is presented by sharp peak of RDF 
with the nearest distance at 3.75Å which it will initiate the formation of hydroxyl group 
in patchoulol molecule. Meanwhile the experimental work has undergone four stages, 
microorganism preparation, fermentation medium preparation, fermentation procedure 
and sample analysis. FTIR analysis covers the analysis from experimental and 
stimulated from the Gaussian Software analysis. By comparing of the experimental and 
stimulated data, it shows that there are match peaks at 3200cm
-1
, showing that the H-
bonded in the hydroxyl group and at 1150cm
-1
, and that the C-O stretch, present as the 
primary alcohol. The result on both analysis showed the 10-hydroxypatchoulol might be 
present in the sample of product. GCMS has detected no appearance of 10-
hydroxypatchoulol, but it detected 1(2H)-Naphthalenone, octahydro-4,8 a-dimethyl-6-
(1-methylethenyl) (4.alpha.,4a.beta., 6.alpha.,8a.beta.)- compound with chemical 
formula C15H24O. As a conclusion the objective from the modelling aspect was 
achieved, and produce the new compound instead of the predicted compound, 
10hydropatchoulol in the experimental work.  
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ABSTRACT 
 
Biotransformasi adalah satu cabang proses bioteknologi yang menghasilkan sebatian 
semulajadi dalam industri minyak wangi secara semula jadi. Simulasi dinamik molekul 
adalah teknologi yang terkini yang boleh digunakan untuk memahami interaksi antara 
molekul pada peringkat molekul melalui pengukuran kekuatan interaksi antara molekul 
yang terlibat dalam proses biotransformasi ini. Objektif utama kertas kerja ini adalah 
untuk membentangkan pembangunan model bantuan komputer simulasi untuk sistem 
proses bioteknologi. Dalam kajian ini, dinamik molekul (MD) simulasi digunakan untuk 
mengkaji kesan oksigen daripada gas oksigen terlarut dan molekul air kepada sifat-sifat 
struktur sebatian kimia penting dalam minyak nilam, iaitu patchoulol, dan juga interaksi 
antara mereka. Melalui proses hydroxylation itu, enzim hydroxylase memangkinkan 
pembentukan kumpulan hidroksil, dengan menggabungkan satu atom oksigen pada 
patchoulol. Proses ini adalah dijangkakan akan menghasilkan sebatian baru yang 
bernilai tinggi iaitu 10 hydroxypatchoulol. Ia adalah sebatian perantaraan untuk 
pembentukan norpatchoulenol, yang menyumbang didalam penghasilan bau wangi 
minyak nilam. Untuk pemahaman yang lebih baik dan perbandingan, struktur 
patchoulol, oksigen dan air telah disimulasikan dalam tiga sistem, tulen, binari dan 
tertiari. Force-field Condensed-phase Optimized Molecular Potential of Atomic 
Simulation Studies,, (COMPASS) telah digunakan untuk menjalankan simulasi. 
Simulasi dilaksanakan untuk 1200 ps pada 301 K dan 1 atm untuk keadaan cecair-
pepejal daripada campuran. Fungsi Taburan Radial (RDF) telah dianalisis dari fail 
trajektori untuk mengukur kekuatan interaksi antara molekul. Hasil daripada sistem 
simulasi menunjukkan patchoulol yang lebih berminat untuk gas oksigen terlarut dalam 
menghasilkan ikatan van der Waals. Interaksi itu dikemukakan oleh puncak RDF 
dengan jarak yang paling hampir di 3.75Å yang akan memulakan pembentukan 
kumpulan hidroksil dalam molekul patchoulol. Sementara itu kerja eksperimen telah 
melalui empat peringkat, penyediaan mikroorganisma, penyediaan media penapaian, 
prosedur penapaian dan analisis sampel. Analisis FTIR meliputi analisis daripada 
eksperimen dan simulasi daripada analisis Gaussian Software. Melalui perbandingan 
data eksperimen dan simulasi, ia menunjukkan bahawa terdapat padanan puncak pada 
3200cm
-1
, menunjukkan H-terikat dalam kumpulan hidroksil dan pada 1150cm
-1
, 
regangan CO hadir sebagai alkohol primer. Hasil kedua-dua analisis menunjukkan 10 
hydroxypatchoulol mungkin hadir dalam sampel produk. Analisis GCMS telah 
menunjukkan tiada kesan sebarang kewujudan 10 hydroxypatchoulol, tetapi 1 (2H) -
Naphthalenone, octahydro-4.8 a-dimetil-6- (1-methylethenyl) (4.alpha., 4a.beta., 6.alpha 
., 8a.beta) -. kompaun dengan formula kimia C15H24O, telah dikesan. Kesimpulannya 
matlamat dari aspek simulasi yang telah dicapai, dan menghasilkan sebatian yang baru 
dalam ujikaji. 
 
 
 
 
 
 
 
 
 
 
